For most experiments mice were housed 1 per cage from the time of infection to prevent 124 transmission from mouse to mouse. Natural transmission experiments were performed as 125 previously described (20) . Briefly, A-, RA d0, and A+ mice were infected via oral 126 gavage with 5×10 9 CFU. Three days post-infection, each infected "seed" mouse was co-127 housed with two naive A+ mice. 128
Histology: Distal colon sections were fixed in 10% formalin, sectioned and stained with 129 8 flow cytometry (21). Cells were counted and stained with PE-Cy5 TCRβ (BD 142 Pharmingen, San Jose, CA USA), FITC CD8β (eBioscience San Diego, CA, USA), PE-143 Cy7 CD8α (BioLegend, San Diego, CA, USA) or PE Texas Red CD4 (Invitrogen, 144 Carlsbad, CA, USA). Cells were analyzed on a FC500 Bench top cytometer (Beckman 145
Coulter, Brea, CA, USA) and data was analyzed using FlowJo 7.6.1 software (Tree Star, 146
Ashland, OR, USA). 147 ELISA: Cytokine production in the serum was measured for TNF-α, IL-1β and IFN-γ 148 levels by ELISA and following the manufacturer's instructions (BD Biosciences, 149
Minneapolis, MN). 150
Statistical Analysis: Statistical analyses were performed using GraphPad Prism 151 software (Graphpad, La Jolla, CA, USA). Two-tailed Student's t-tests were used for 152 serum retinol analysis. One-way ANOVA with Tukey's post-hoc test were used to 153 compare the systemic C. rodentium loads, bioluminescence quantification, and cell 154 population analysis. Two-way ANOVA with Bonferonni's post-hoc test were used to 155 compare CFU, histology scores and crypt lengths. Log-rank tests were used for the 156 survival curves and ratios of serum cytokine producers. For all analyses, P<0.05 wasA-mice had similar numbers of C. rodentium in the cecum and feces at d10 post-165 infection (cecum data not shown and Fig. 1A) . After d14 the A-mice continued to shed 166 high numbers of C. rodentium in their feces, whereas the A+ mice began to clear the 167 infection (Fig. 1B) . All of the infected mice showed a small amount of weight loss (5% of 168 starting weight) within the first 2-4 days of infection but all of the A+ mice recovered and 169 no A+ mice died following C. rodentium infection (Fig. 1C) . Conversely, some of the A-170 mice failed to recover and instead lost significantly more of their initial body weight (10-171 20%), which resulted in the premature lethality of 40% of the A-mice (Fig. 1C) . The A-172 mice that survived did not lose any more weight than the A+ mice, had normal 173 exploratory behaviors (data not shown) and otherwise were undistinguishable from their 174 A+ infected counterparts. A subset of A-mice die prematurely following weight loss 175 while, the remaining A-mice resume normal behaviors but don't clear C. rodentium. 176
To visualize the intestinal passage of C. rodentium in vivo, we made use of a 177 bioluminescent C. rodentium strain, and live animal imaging. Between d2 and d6 post-178 infection, low levels of C. rodentium bioluminescence were detected in the upper parts of 179 the gastrointestinal (GI) tract of A+ mice (Fig. 1D) . Just before the peak in fecal shedding 180 (Fig. 1B) the intensity of bioluminescence increased and moved into the lower GI tract of 181 A+ mice (Fig. 1D ). After d10 of infection, the intensity decreased in A+ mice and by 182 d14, when fecal shedding of C. rodentium was on the decline in A+ mice, less 183 bioluminescence was detected in the intact A+ animals (Fig. 1D) . The kinetics of C. 184 rodentium transit in the A+ mice was similar to that reported previously in wild-type 185 mice (23). The bioluminescence in the A-mice matched that of the A+ mice at d2 (Fig. tract, which persisted in intensity through d14 (Fig. 1D) . Unlike the A+ mice, the 188 intensity of bioluminescence in A-mice between d4 and d14 was high throughout the GI 189 tract and significantly higher than in A+ mice ( Fig. 1D and Supplementary (S)Fig. 1) . 190
Thus, the transit of C. rodentium through the GI tract occurred more rapidly and persisted 191 for longer in A-than A+ mice. Fig. 2A) . C. rodentium infection resulted in a significant increase in the number of 199 cells in the colon of both A-and A+ mice ( Fig. 2A) . Interestingly, although the A+ mice 200 resolved the infection by d37, as shown in Fig. 1B , the numbers of T cells (TCRβ+) did 201 not return to baseline by d37 pi ( Fig. 2A and B) . The total number of IELs and TCRβ+ T 202 cells in the colon of A-mice increased following infection but never reached the levels 203 present in infected A+ mice ( Fig. 2A) . The numbers of TCRβ+, TCRβ+/CD8α+, and 204
TCRβ+/CD8αβ+ T cells in the colon IEL compartment were lower in A-than in A+ 205 mice, both before and after infection ( Fig. 2A-E Fig. 1B and Fig. 3 ). In a separate experiment, the RA d0 mice were also infected 236 with bioluminescent C. rodentium. The bioluminescence in the RA d0 mice was of a 237 high intensity and resembled that in A-rather than A+ mice ( Fig. 1D and SFig. 1). 238
Interestingly, by d14 the intensity of bioluminescence in the RA d0 group was lower and 239 resembled the A+ rather than the A-mice ( portions of the GI tract that were significantly higher than in A+ mice (SFig. 3C). A-258 mice also had visible bioluminescence at d14 in both the spleen and liver (SFig. 3B). The 259 bioluminescence in the spleen and liver of RA d0 mice was more similar to A+ mice than 260 to A-mice at d14 post-infection (Fig. 4A and SFig. 3B). Quantification of the 261 bioluminescence showed that A-mice had higher bioluminescence in the spleen, liver 262 and SI than either the A+ or the RA d0 mice (Fig.4A) . 263
Next we determined whether viable C. rodentium was detectable in the spleen and liver 264 of our mice following gastric infection with C. rodentium. Cultures of the spleen and 265 liver at d10 and d14 post-infection showed that A+ mice had detectable C. rodentium in 266 their internal organs (Fig. 4B , and d14 data not shown). A-mice had significantly moreTNF-α, IL-1β and IFN-γ in the serum of both A+ and A-mice. There was significantly 279 more A-mice with IL-1β in the serum (10 of 19) than A+ (1 of 13) mice at d10 post-280 infection (Table 1) . Serum IFN-γ was higher but not significantly different in A-mice 281 compared to A+ mice at d10 post-infection (P=0.0817). To measure the capacity for 282 cytokine production, LPS was injected ip into A-and A+ mice to measure serum 283 cytokine response. A-mice produced significantly more TNF-α than A+ mice following 284 LPS injection, while the IL-1β response was the same in A+ and A-mice (Fig. 5A and 285 IL-1β data not shown). Overall A-mice were more likely to have IL-1β detectable in the 286 serum after C. rodentium infection and produced more TNF-α after LPS than A+ mice. 287
We hypothesized that A-mice were dying following oral challenge with C. rodentium 288 because of systemic spread. We attempted to determine the LD 50 8 CFU, which declined at d3 and again at d5 and was completely 293 cleared by d10 post-infection ( Fig. 5B and 5C ). The group x time interaction showed noC. rodentium and that C. rodentium that has been passaged through A-mice might be 302 more virulent. A+, RA d0, and A-seed mice were infected by gavage using laboratory 303 grown C. rodentium and 3d later each was co-housed with naïve A+ mice, housed in 304 groups of 2 with the seed mice. As described previously (20), all seed mice, despite their 305 vitamin A status, infected all co-housed naïve A+ mice within 3 days of exposure (data 306 not shown). Culturing of the feces, spleen and liver from the cage mates of A+, A-and 307 RA d0 seed mice showed that there were no differences in the CFU of C. rodentium 308 recovered in the spleen, liver and feces via natural transmission from either A+, A-or RA 309 d0 seed mice ( 
